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As a macro-level RAM analysis tool, ASOAR can aid in the selection of a system Ao
requirement. The cost effective logistics downtime outputs in achieving Ao goals can
improve RAM Rational analyses. It can output the effective system reliability and
maintainability based on the weapon system reliability block diagram configuration
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discussed.
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ASOAR is an acronym for Achieving a Systen Operational Availability
Reqirement. The ASOAR model is a new macro-analysis tool that estimates
optimal end iten operational availabilities fzrm the system requirement. A
systemn operational availability (Ao) requiremet is a quantitative expression
of user need. Ao represents the probability that an iten will be in an
operable or committable condition at any randcm point in calendar time.

This paper contains information about model outputs and inputs, equipment
configurations and support concepts handled by ASOAR, and potential
applications for the ASOAR model. Also, two different system supportability
application examples are discussed; one in communications availability and the
other in operational availability. The paper concludes with a discussion of
model verification and documentation.

Prior to presenting details about the ASOAR model, it is important to
discuss the equipment levels of indenture for consistent terminology. See
Figure I to picture the hierarchy of equipment indenture levels.
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The highest equipment level of indenture is the systen level. The system
represents the weapon systen or cimunications system. The system is caomsed
of end items which represents the next lowr level of indenture. These end
items are primary item directly purchased frx- a contractor or manufacturer,
and are often provided as goverment furnished equipment to the system. End
items are comrised of assemblies which represent the next lcowr level of
indenture. These assemblies may or may not be Line Replaceable Ur' ts (IRUs)
depending on whether the assembly is removed and replaced when the end item
fails. An IRU is a secondary item often spared forward and is used to restore
an end iten if the end iten goes down. Similarly, LRUs are potentially
repaired by Shop Replaceable Units (SRUs) which represent the lowest equipment
level of indenture in this paper. The repair of an IRU causes the LRU to be
placed back into stockage at the support level where maintenance occurred.

MUDEL OUTPUTS AND INPUrS:

The basic ASOAR output tells whether the system AD is achievable. If
attainable, ASOAR will output the approximate optimal Ao of each end item
within the system. -hen similar end items are configured redundantly, the
ASOAR model will output both the Ao of the redundant configuration and the
individual end iten AD.

As a system level output, the system Ao goal reflects the inputted systen
operational availability. The adjusted st AD goal output shows whether
scheduled maintenance or periodic downtive adjustments caused the inputted Ao
goal to increase. The outputted end iten availability product is the camputed
operational availability of the outputted results. The ASOAR model will cease
computation when the difference between the product of the operational
availabilities of all end itan configurations and the adjusted Ao goal are
within a tolerance of 0.0001.

One of the key systen level outputs of the ASOAR model is the effective
reliability of the system. In ASOAR Versicn 3, the reliability output variable
reflects the inputted reliability variable utilized in the application. The
model is flexible to use either Mean Time Betwen Failure (MTF), Mean Calendar
Time Betwen Failure (!CrBF), or Failure Factor to describe reliability. The
system reliability is dependent an the reliability inputs for each end item and
the inputted system reliability block diagram ocnfiguration of the end items
within the system.

The MWHF of a system or end item represents the design reliability of the
equipment. MBF is expressed in terms of operating hours per failure. The
MTBF requirement of an end item can often be found in the equipment's
specification document. The WMVTF of equipment is the reliability requirement
expressed in calendar time as opposed to operating hours. The ASQAR model
internally ccmputes reliability in terus of MITF because AD ýsets the
probability of equipment being up at any random point in calendar time. The
Failure Factor of equipment is expressed in tenris of failures per 100 end items
per year. Maintenance engineers Q.4-i. express reliability in these terms.

Anothex key system level output of the ASOAR model is the effective
maintainability of the systen. The model is flexible to use either Mean Time
To Repair (M1M) or Mean Time to Restore (MM) to describe maintainability.
Systen maintainability is equal to the percentage of each end item's effective
contribution to system failure multiplied by its maintainability.
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MTR is the design maintainability of the equipment which assumes that all
logistics support for the equipment is perfect. The MITR requireent of an end
iten can often be found in the equipment's specification document. MR is the
experienced maintainability of the equipment assuming that LRU spares are
always available. MMl depends on the equipment's MTTR plus any additional
forward support level downtime due to the extra time it takes to obtain spare
tRUs fran storage, not always having appropriately skilled personnel available
not always having functioning test measurement and diagnostic tools with the
equipment, or lack of camplete or efficient forward level repair manuals.

The logistics downtimes computed for the system and all of its end items to
achieve their respective Ao are outputs of the ASOAR model. The Mean Logistics
Downtime (MIM3) covers equipment downtime due to IRU spares not always being
available forwnrd with the equipment. The Average Logistics Downtime (ACI/T)
includes all equipment dcwntime factors except for the design maintainability.
ASOAR Version 3 will output the MLUT when MIM is utilized as an input variable
or output ALWT when iqi'm is utilized as an input variable.

The LRU order fill rate of the system and all of its end items to achieve
their respective Ao are outputs of the ASOAR model. The LRU order fill rate
for the equipment specifies the percentage of time that appropriate IRUs mLst
be on-hand at the forward level of stockage to restore the systen. This is a
special type of stock availability at the forward support level which accounts
for the need of an LRJ spare only when it repairs a system failure causing
downtime. Mien the appropriate LRU is not on-hand at the forward level of
supply, it nwst be obtained in order to restore the equipment. Without
redundancy, MLDT is equal to the percentage of time that appropriate URU spares
are not on-hand to restore the equipment multiplied by the Mean Time to Obtain
(MTPO) those IRUs.

A typical listing of systae level output variables is shown in Figure 2.
Their units of meassurement are noted in parentheses.

System Operational Availability Goal (percentage)

Adjusted Operational Availability Goal (percentage)

End Item Operational Availability Product (percentage)

Mean Time Between Failures (hours)

Man Time to Repaix (hours)

Average Logistics Downtime (hours)

Order Fill Rate of LRUs (percentage)

Figure 2- Typical Systan Level Outputs
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Sane end item level outputs have been already covered. However, the
effective reliability, effective logistics downtime, and MMIO outputs of each
end item require more discussion.

Mien multiple similar end items are configured within the systen or end
iten level spares are utilized in lieu of LRUJs to repair the systen, the
effective reliability is calculated. Otherwise, the effective reliability is
just the inputted reliability. The effective reliability of a configuration of
redundant end items is comuated by ASOAR relative to attaining the optimal end
item Ao. With redundancy, the effective reliability of a configuration is
ipiacted by its logistics support. The end item Ao permits a certain amount of

logistics downtime to occur. The larger the downtime, the greater the
likelihood that the redundancy is not repaired before additional failures
occur. These additional failures may cause the system to fail which impacts
the redundznt configuraticn's reliability.

The effective logistics downtime output is also impacted by a redundant
configuration. For example, in a configuration with one redundant end item,
two end item failures prior to the first failure being restored will cause
system downtime. Repair of the first failure will cause the systen to be
restored. The time between occurrence of the second failure and repair of the
first failure yields less system downtime per redundant configuration faiLure.

The Mean Time to Obtain (MTIO) LRU spares for the end items may be inputted
directly or calculated from many supply and maintenance inputs describing the
logistics suport associated to each end item. Supply input variables provide
information an the supply support concept, order and ship times, and stock
availabilities at the higher levels of support. maintenance input variables
provide infoxmatian on the maintenance concept, repair turnaround times, and
repair percentages of the IRUs at different support levels.

A typical listing of end item output variables is shown in Figure 3. The
words noted in parentheses do not appear on the actual output.

(End) Item Name

(En) Item X!rB

Effective MTBF (of Configuration)

(End Item) T'R

MTO (tRJ Spares)

Effective AIDT (of Configuration)

Ac (of Configuration)

Ao of 1 (End Item)

(IR• Order) Fill Rate

Figure 3: Typical End Item Level Outputs
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At the system level, the ASOAR model requires an input for the system Ao
desired or required. Also, the reliability block diagram configuration of the
end items within the system needs to be inputted.

As end item level attributes, the ASOAR model requires inputs about each
end item,'s reliability, maintainability and cost. The terminology utilized in
reliability and maintainability inputs and corresponding outputs are easily
selected by the model user. The utilized end item cost is oamputed from the
inputted cost of a single end itemn minus the inputted cost of any very high
cost/low failure rate assemblies within the end item. This cost adjustment
improves the accuracy of model optimization results. Since the optimum
allocation of operational availability is driven by the relative cost to
failure rate ratios of end items comprising the systen, the cost adjustment
reduces inaccuracies by not incorporating assemblies with very little chance to
be economically stocked forward.

The key logistics input is the mean time to obtain LRU spares. If MII is
to be computed, then supply and maintenance inputs are utilized instead.

EOUUMEr CCNFIGURATICN AND SUPPCRT CCý -A HMLD:

The basic ASOAR methodology optimizes the allocation of the system Ao to
the end items when the system consists of different individual end items in a
serial configuration, the system is maintained by IRUs at the operating or
Organizational (CRG) level, and no scheduled maintenance or periodic downtime
exists. Ccmputaticnal equivalency adjustments are applied when end item
commonality or redundant equipment configuraticns exist, when scheduled
maintenance or periodic downtimUe applies to the equipment, when the most
forward level of supply support is Direct Support (DS) or General Support (GS),
and when end itae spares are permitted at the most forward level of supply
support. All ASOAR ccrxrtational equations and their derivation are explained
in the "ASOAR Model Version 3 Methodology" paper.

The ASOAR model utilizes special cases to handle these computational
equivalency adjustments. The ten special cases utilized by the ASOAR model are
listed in Figure 4.

1. Serially Configured Common End Items
2. Hot Standby Redundant Eri Items
3. Cold Standby Redundancy or Er Item Spares

With System
4. Deraationa Redundancy or Capacity

Availability
5. System Scheduled Maintenance or Periodic

Startup Causing Downtim
6. End It mr Scheduled Maintenance or Periodic

Startup Causing Systm Dwntime
7. Multiple Systems Restored with IRU3 Spares at

(JG level
8. Syste Restored with IRUs Stocked Forward at

DS Level
9. Systais Restored with End Item and LRUs

Stocked Forward at DS Level
10. Systeas Restored with End Item Spares at DS

Level and LRUs Stocked Forward at GS Level

Figure 4: Equipment Configurations and Support
Concepts Special Cases
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T.e first four cases cover equipment configuration adjustments. Case 1
handles cammon end items which is having more than a quantity of one of the
same end item in series. LRU spares placed forward can be used to repair any
of the similar end items. Case 2 handles hot standby redundant end items.
Case 3 covers cold standby redundant end itemr, or end item spares at the
operating level. The difference between hot and cold standby redundant items
is that the hot items in redundancy are operating where the cold items in
redundancy are not operating. Cold standby redundancy accrues extra dcontime
to switch over to redundant end items, but does not accrue extra failures fran
additional operating hours. Case 4 examines degradational redundancy or
capacity availability. with degradationa-1 redundancy, the systen does not have
to be fully up or fully down. Each potential state can be represented by some
inputted percent of upness.

Cases 5 and 6 represent downtime adjustments to operational availability.
Case 5 covers scheduled maintenance downtime at the system level. It can also
account for periodic teardown and set-up of the system. Case 6 covers
scheduled maintenance downtime at the end iten level. If necessary, it can
also be used to account for unscheduled downtime fron a hot standby redundancy
because downtime to switch over to the operating redundant item is not
automatically covered in Case 2. When using the cold standby redundant mode of
Case 3, ASOAR automatically asks for the downtime input to switch over to the
non-operating redundant item.

Cases 7 through 10 examine centralized forward support adjustments. Case 7
deals with nuitiple systems restored with IRU spares at the operating level.
Cases 8 through 10 are for systems without operating level spares. This
centralized supply support concept could be accomplished using contact
maintenance team support, having direct exchange support, or by evacuating the
failed system to Direct Support (DS). Case 8 covers systes restored with LRU
spares stocked forward at the DS level. Cases 9 and 10 consider system
restoral primarily with the use of end item spares at DS level. hese end
items spares are called floats. Case 9 covers systeme restored with end item
floats and LRU spares at DS. Case 10 covers systens restored with end item
floats at DS and UM spares stocked forward at the General Support level.

MDEL USEFULNESS AND APPLICATION:

ASOAR can be a very useful model to the military user ccomunity. ASOAR is
a macro-analysis too! that estimates optimal end iten operational
availabilities from the system requirermnt. Sensitivity analysis can also be
perfornmd on the systern Ao to aid in the selection of a requirement.

The ASQAR model is also dn earliest-on logistics support analysis tool
because it requires system and end iten level input data without requiring IRU
input data. ASOAR can determine whether the systen Ao is attainable for an
inputted logistics support concept. Men achievable, cost effective logistics
downtimes and IRU order fill rates at the most forward level of supply support
are determined for each end iten ccnprising the system. Fram a broad
perspective, this helps to determine the degree of logistics supportability
necessary to achieve each operational availability.
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ASOAR is an ideal tool for Reliability, Availability and Maintainability
(RAM) rationale analysis. It can aid in the selection of a system Ao
requiremnt. The effective systen reliability and maintainability are
determined from end item reliability and maintainability input data and the
system's reliability block diagram configuration of end iterm. The optimum
ALDIs for the system and each type of end item within the system are outputs of
the ASOAR model. This eliminates the need to guess at ALDT values to perform
RAM rationale analysis and ýiproves analysis accuracy.

ASOAR can be a very useful model to the materiel developer cormunity. It
can be utilized to analyze system design sensitivity to reliability block
diagram configurations. ASOAR determines the effective system reliability and
maintainability, and the effective reliability and logistics downtime of
redundant end item configurations relative to attaining its ccxputed cost
effective Ao. Hot standby, cold standby and degradational redundancies of
similar end items are handled.

ASOAR also aids weapon system logistics support optimization. First, it
provides a macro-level analysis about inputted support concepts. The end item
order fill rates computed yield a generalized feel about the costliness of
spares needed to attain the syste pio requirement. The cost effective end item
Ao outputs of the ASOAR model feed sparing and maintenance optimization models.

Figure 5 illustrates how the application of the ASOAR model used together
with a sparing optimization model can optimize LRU and SRU inventories to meet
the weapon system Ao requirement. Also, ASQAR used together with a maintenance
allocation optinization model can optimize maintenance concepts to achieve the
weapon system Ao rexIttrement. ASOAR permits the optimization of systen supply
and maintenance allocation to system "ts because it outputs end item
Ao requiruments that can optimally achieve the system A euiremx t. The end
item AO outputs then become inputs to maintenance optimization and supply
support optimization models. When multiple similar end items are configured,
the output of the Ao for one end ita is utilized as the input to the end item
optimization models. As [RU and SRU data becomes available for an end item,
the optimization model for sparing, such as SESAME, can determine the least
cost sparing mix to achieve the inputted end itan AO requirement. Also, an
optimization model for maintenance allocation, such as OSAMM, can determine the
least cost maintenance concepts for the end item to achieve its inputted Ao.

SYSTo Ac RheIRsME

ASOAR

HEN ITE Ac IR

OPTIMIZATICN OPTIMIZATICN

LEAST COST MAINTENANCE LEAST COST IRU & SRTJ
OSMCNETFX 1RUS & SRUs SPARIN3 MIX

Figure 5: Op~mtization of Lower ..ýentured Items
to Achieve the Systm Requirement
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ASOAR can be useful to both the materiel developer and user comuni ties by
optimally allocating the weapon system operational readiness requLrment to
desired readiness rates for each major end iten comprising the weapon system.
Operational readiness rates of fielded items are essentially en arppoximation
of the operational availability determined from data collectioa. Rules
defining systen downtime and uptime for operational readiness purposes may
possibly vary fram the use of all calendar time uptime and downtime that
determines Ao.

The ASOAR model is also usable for optimizing communicaticns availability
support of non-cmplex ccomunications networks. The model is limited to
ncn-ccurlex carmunicaticn networks because it does not compte the percent of
upness associated to degradational redundant states. It requires the percent
of upness to these states to be an input. Also, ASOAR does not handle
alternative means of cammmicaticn because dissimilar end irem redundancy is
not handled.

An example with a hypothetical Regency Net system is used to explain the
model's usefulness in optimizing to a communications availability. The system
of Regency Net tenrinals may be configured with 7 redundant Injection Terminals
(IT), 2 redundant Super Cluster Controllers (SCC), 2 redundant Cluster
Controllers (CC), a Force Terminal (FT), and a Team Terminal (Tr). Except for
the Tr, all terminals have identical reliabilities and cost. The Tr is the
most forward terminal and smaller than all the terminals causing it to be
almost twice as reliable at five times less cost. A system Ao goal of 93% was
used to cimmumicate fram the IT all the way to the Tr.

The results obtained from usuig ASOAR logically showed that no spare LRUs
were necessary at any of the 7 highly redundant ITs. Only a 39% order fill
rate of appropriate TIRU spares was needed at the SSC and CC redundant
terminals. The FT and Tr were the serial configured terminals and they both
required high IRU order fill rates of 94% and 98% respectively. If all
terminals were spared similarly, an 88% LRU order fill rate would be necessary
at every temninal to achieve the caumuxcations availability of 93%. By doing
system sparing optixrally, 7 terminals did not require anry spares, 4 terminals
required just a 39% order fill rate of [RU spares, and only 2 terminals
required more than the 88% LRU order fill rate. This represents a large
supportability savings which could not be achievable without using ASOAR.

The ASOAR model was successfully applied to a sustainability evaluation of
the Corp/Theater ADP Service Center II (CTASC II) to a systen operational
availabilty goal. The CTASC II system configuration had many redundant types
of end items in it. Just 4 end items were listed as serial and they were
serial components within the cozputer processing unit, serial cnponents within
the ccummcations equipment, the power supply, and the nine-track tape unit.

The results of the CTASC II Sustainability Study using ASOAR showed that
only the IRUs of the serially configured end items needed to be spared with the
terminals. The product of end item availabilities of the serial item from
ASOAR was utilized as the Ac input in SESAME to optimize their LRU sparing
mix. Also, by using ASOAR, it was determined that one of the logistic support
alternatives was risky. without spares placed forward with the CLASC II
terminals, the contractor regional support center alternative cannot exceed
twelve hours to restore the CTASC II terminals or the system Ao requirement of
96% could not be achievable.
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MDKEL VERIFICATION AND 0Xi(NN=IN:

The ASOAR model was developed to respnd to a challenge specified within
the Secretary of Defense Guidance of March 1982. [(] The unclassified excerpt
states "Our objective is to size and fund peacetime operating stock secondary
item inventory to support programmed weapon systems availability rates and
operating tempos. Since analytical methodologies to achieve this do not now
exist, the Services will develop and institute, by the end of FY85, the ability
to size weapon system initial and replenishment secondary item inventories to
meet explicit weapon systen availability and operating tempo objectives."

Model and methodology verification and validation started with a comparison
of the ASQAR basic methodology to results frao SESAME. [21 Using the same curve
parameter, SESAME optimized Ao results for each end iten. Using the calculated
SESAME system Ao, results were found to be somewhat close to the ASOAR prorated
Ao to eaa-h end item. However, if IRUs are modeled like end items in ASOAR, the
resulting availability of IRUs will be inaccurate.

Each special case of ASOAR was successfully evaluated against its manual
catputations. The inputting order of the multiple special cases was also
varied. Cases 1 through 6 results were found to be independent of the input
sequence. However, Cases 1 through 6 must be inputted prior to Cases 7 through
10 for correct results. Cases 7 through 10 compute centralized forward support
adjustments.

ASOAR Version 2 was limitedly distributed within the Army from October
through December 1990. After this distribution, mistakes were found in the
methodology used for Cases 7 through 10. 7hese errors -ave been corrected in
ASOAR Version 3. Also, ASOAR Version 2 required MCTBF and MMR inputs and
displayed the MW-T out-put. Although internal computations with ASOAR are based
on these variables, their tenninology is not often familiar to model users.
ASOAR Version 3 improved model flexibility to optionally penrit inputs and
outputs to also be in terms of failure factors or MM1F, MTTR and AID=.

The ASOAR Model Methodology documentation for Version 3 explains and
derives all the ASOAR basic equations and mathematically describes all special
case canputational adjustments.[3] The ASOAR User's Manual describes how to
use the nxodel and explains and lists all the input and output variables. [4]
Exercises included in the User's Manual take the user through sample runs
covering the Mean Time to Obtain LRUs and the 10 special cases.

ASOAR is a deterministic model. It operates on a Zenith personal computer
or carpatible with a math co-processor and the ASQAR software. ASOAR
documntation and a disk containing the executable code of the ASOAR model may
be obtained by contacting the author.

The following individuals have been responsible for developing the ASOAR
model. 7he author wishes to express his gratitude to Jesse Williams, Gerald
Gerstel, Anthony DiGregorio and Christine Shin for their dedication in
developing and testing various versions of ASOAR canputer programs.
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